Abstract: Geological disposal facilities for radioactive waste pose significant challenges for robust 10 monitoring of environmental conditions within the engineered barriers that surround the waste 11 canister. Temperatures are elevated, due to the presence of heat generating waste, relative 12 humidity varies from 20% to 100%, and swelling pressures within the bentonite barrier can 13 typically be 2---10 MPa. Here, we test the robustness of a bespoke design MEMS sensor---based 14 monitoring system, which we encapsulate in polyurethane resin. We place the sensor within an 15 oedometer cell and show that despite a rise in swelling pressure to 2 MPa, our relative humidity
Introduction

26
Real---time monitoring of deep geological disposal facilities (GDFs) for radioactive waste 27 disposal is a significant challenge. The operational timescales of a GDF mean that monitoring 28 technologies must function reliably over timescales in excess of 100 years [1] . A regulatory 
34
Most geological disposal concepts, for example the Swedish KBS---3V concept, are based on an
35
EBS composed of a compacted bentonite buffer, which surrounds the waste canister (e.g. Figure  1 ).
36
Post deposition, the bentonite buffer saturates via groundwater ingress from the surrounding rock,
37
which results in a swelling pressure of between 2 and 10 MPa to ensure hydraulic sealing between 38 the EBS, the surrounding rock and the central waste canister. Further, the very low hydraulic 39 permeability of the bentonite ensures that, should canister failure occur, radionuclide transport 40 would be extremely slow, since it is via diffusion only. Finally, the plastic nature of the saturated 41 bentonite within the EBS also protects the canister from structural damage during small earthquakes
42
[2].
43
Historically, an extensive range of relative humidity sensors have been deployed in radioactive
44
waste disposal facilities and in underground testing laboratories over the past decades [3, 4] . While 
Materials and Methods
62
MEMS sensors provide higher measurement accuracy, improved spatial resolution in a limited 63 space, and a longer life cycle resulting from low power consumption in the order of microwatts [7] .
64
A first prototype of a multi---sensor monitoring system was presented in [5] 
70
To minimise size, the sensor block 9mm x 11mm, is limited to hosting the sensor and its connector, 
176
The duration of the hydration process varied between tests with a minimum of 7 days and a 177 maximum of 20 days. This was to achieve different water content levels in the bentonite samples 178 such that sensor accuracy could be tested at a range of relative humidity values. The hydrated 179 bentonite block was then removed from the tube and cut into slices approximately 2.5cm thick.
180
Rectangular cavities were cut into both sides of each 2.5 cm bentonite block to install the RH sensors.
181
The hydrated bentonite block and the sensors were then wrapped using an impermeable membrane 182 to allow for water vapour equilibrium in the air surrounding the sample, as shown in Figure  6 . The
183
RH data was regularly measured by the sensing system over a period of several days until a constant
184
RH was recorded, indicating that i) uniform distribution of suction was achieved within the Table  1 shows the results for both measurement methods (WP4 and RH sensing system) for seven 214 different bentonite samples, as described for Experiment 2, covering a range of RH levels from 52% 215 to 100%. Analysis of the data in Table  1 shows that the RH measured by the two methods is generally coherent, but with a mean discrepancy of 2.87(%RH 
247
Hence, these could be used as accurate reference points without the requirement for any type of Table   256 2. The difference between the measured value (RHA) and that derived from the WP4 data has now 257 reduced. The mean of the differences between them is now 1.97% and the discrepancy between the
258
two values for sample number 1, at high humidity, has dropped from 8.1% to 1.9%.
259
MEMS sensor systems are considerably smaller than traditional monitoring devices, allowing 
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